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»+ion^of condensed Imidazoles 
Process for the preparation ot co 

nreoaring certain fused imidazole 

derivatives. 

. ooean Patent Application. PubUcaUon No. 0.335.483 discloses certain 
^rd'^I^de— ofrorn^uIaCA): 

of 




« -^Rb 



15 

wher^n, 

. . „ C,^ alkyl. CHRdCONHRe or CHRdCOOR^ in «hich R 
Ra is hydrogen, Cx-l alKyi. ^ 
20 andR^areeadihydroBonorCa^alkyl. 

Rb is hydrogen. Cx-S al1.» »y residue R^ of an amino acid 
RbCH(NH2>COOH 

C, . alkyl. CONH2 or CO^Rf in which Rf is hydrogen or 
RC is hydrogen, Ci^ aiKy*, ^ 
Ci_4 alkyl; and 

ro!«M83a.»disciosesaprocessrorpreparing.hecon>poW^ 

formula (A) which involves either: 

^ f*-«^ula(B) with a compound of formula 
a) reacting a compound of formula J wi 

(C): 



25 



30 



35 
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r^chconhr' 



c 



COR 



NHR 



(CHa). 



GpgR 
(C) 



wherem R^, R^, BP. and m are as defined in relation to formula (A), 
hydrogen and is hydrogen. Ci^ alkyl or benzyl; or 



15 where in R^. B^, RC and m are as defined in relation to formtila (A) and 
Rg and R^^ are as defined in relation to fonmilae (B) and (C). 

The compounds of formxOa (A) are disclosed in EP 0,335.483 as having 
activity as nootropic reagents. 

20 

EP 0,335,483 also discloses that the compounds of formula (A) can contaii 
one or more chiral carbons. In particular it is to be noted that the 
bridgehead carbon of formula (A) is always a chiral caibon. 

25 A process has now been discovered which fedKtates the preparation of 
certain compounds of formula (A) and in particular CadHtates the 
preparation of individual optical isomers of such compounds in which the 
chixal caibon is tiie bxidgdiead carbon. 

30 Aocoidin^y, the present invention provides a process for the preparation 
of compounds of formula (D: 



b) cy cTising a compoimd of formula CD): 



10 




R 



(D) 



35 




(D 
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wherein cHR3CONHR4 or CHR3COOR4 m 

Rl represents hydrogen. ^1-4 al^y • ^nt hydrogen or Ci^ alkyl; 

which r3 and each -^^^P-^^^^;,^^^^ , an integer 2. 3 or 4; 
5 b2 represents hydrogen or C1.5 alkyl. an 

cydising a compound of formula (ID: 



which process comprises 



10 » -ii ^CO-R^ 




(II) 



1-5 „ Jofiried in relation to formula (I); 

wherein R2 and n are as d^d xn ^ ^ 

B5 represents hydrogen - ^ ^^^^^^^^^ , ^.ydroxy group or a group 

g«,up or a henzyl ^^^^^^ benzyl group; and thereafter, 
0R8 wherein R8 represents Ci 6 ^ V ^ ^^^^^^ ^^^3. 
20 as necessary, carrying out one or more 

i) removing any protecting group; and 

eonvertingacompoundoffox^ula(l)intoanothercompoundof 

25 formula <D- 

S^tably the cy^a«on is effeoUd by a cycUsing reagent. 

30 lyp^vide a compound .rrormula (HI). 

co.rIO 

■ I 

35 ^ ^ 
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wherein R2 and n are as defined in relation to formula O) and is a 
Ci.6 alkyl group or a group 0R7 wherein R? is as defined in relation to 
formula (H); the compound of formula (HD may then be converted into a 
compound of formula (D. wherein Rl is H, by hydrogenolysis or 
5 hydrolysis, the resulting compound of formula (D may subsequently be 
convertBd into other compounds of formula (D as desired. 

Compound (HI) is generally provided when the cydising reagent is a 
carbo3Qrlic anhydride. 

Accordingly, the present invention, in a further particular aspect provides 
a process for preparing a compound of formula O), which process 
comprises hydrogenolysing or hydrolysing a compound of the above 
defined formula (HI); and thereafter, as necessary converting the resulting 
15 compound of formula (D, wherdn R1 is H. into a finiher compound of 
formula (D. 

"When R6 is OH, the <ydisation of a compound of formula (ID is 
conveniently effected under dehydration pydisation conditions, preferably 
20 in the presence of a ddiydration Qrdisation reagent. 

Suitable dehydration (grdisation reagents include 
diqydohexylcarbodiimide or carboxylic anhydrides such as acetic 
anhydride. 

25 

TOen the reagent is dicydohe^cylcarbodiimide. the reaction is preferably 
carried out in the presence of an organic base such as trietiiylamine, in 
any suitable solvent, such as acetonitrile, at any convenient temperature 
providing a suitable rate of formation of the required product, aptly at 
30 ambient temperature. 

men the reagent is a carboxyHc anhydride such as acetic anhydride, the 
reaction may be carried out in any suitable solvent, but conveniently 
using acetic anhydride itself as solvent, and at any convenient 
35 temperature providing a suitable rate of formation of the product, suitably 
at the reflux temperature of tiie solvent and preferably in the presence of 
anhydrous sodium acetate. 
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AmberUte IB 120. 



„ OR. the cydisation is preferably effected by u« rfa 

^, be suitably earned ^"^"^ ^^utoxide is the strong base the 
or toluene: for example ^t ambient temperatures: 

action is conveuienUy ^^„n is conveniently 

when n-butyl lithium is the ^ase U« ^ g^^eraUy at 

« carried out in --^<»^J^"X: ^ -30=0. for example in 
a temperature within the range 
rangeoffrom-70to-65«»C. 

.compoundof.heabovedeanedformulacn,.maybepreparedbyreac«n. 
20 acompound of formula (IV): 



(CH ) ^ CO.NH 



25 



N <IV) 

y> CO .R6 

r2 



J « «^ iT, relation to formula (ID, with a 
wherein b2. k6 and n -'-^^f^^^'^^ an -NH^ ^up. and 
30 reagent capable "^^^^f ° or more of the following optional 
thereafter, if reqmred, carrying o 



steps: 



- ^ thereafter, as necessary .de-protecting any group; 
i) protecting and therearter. 

35 „ wherein R5 is H into a compound wherein 
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iii) converting any group R6 which represents 0R8 into a group R6 
which represents hydroxy. 

Suitable reagents capable of converting a -C02m2 group into an .NH2 
5 group include bis(trifluoroacetoxy)iodosobenzene or a source of 
hypochlorite ion, such as sodium hypochlorite. 

The conditions for the reaction between the compound of formula (IV) and 
the reagent capable of converting a -002^2 g^o^P ^n -NH2 group 

10 win of course depend upon the particular reagent used, but generally the 
appropriate conventional conditions for the particular reagent chosen wifl 
be used: when the reagent is bisCtrifluoro- acetoxy)iodosobenzene the 
reaction is carried out in any suitable solvent, such as aqueous 
acetonitrile, preferably in an inert atmosphere such as nitrogen, at any 

15 convenient temperature which provides a suitable rate of formation of the 
desired product, conveniently at a low to ambient temperature, for 
example in the range of from 0°-5°C: when the reagent is a source of 
hypochlorite ions, sudi as sodium hypochlorite, the reaction is carried out 
in any suitable solvent, generally an aqueous solvent, conveniently water, 

20 at any convenient temperature providing a suitable rate of formation of 
Ihe required product, such as in the range of 0°C to lOCC, generally in 
the range of from O'C to room temperature, for example O^C to 5X; 
preferably the sodium hypochlorite reaction is carried out in the presence 
of sodium hydroxide. 

25 

The conversion of a compound wherem r5 is H into a compound wherem 
r5 is C00R7 may be carried out using a conventional chemical 
procedures, for example the conversion of a compound ^rfierein R5 is H 
into a compound wherdn r5 is COOR^ is provided by treatinig the 
30 appropriate compound with a confound of formula (V): 

X-CO.OR*? (V) 

wherein R^ is as defined in relation to formula (11) and X represents a 
35 leaving group, such as a halogen atom, for example a chlorine atom. 

Usually, the appropriate compound is present in salted from, for example 
alkali metal salted form, such as a sodium salted form, prepared by 
treating the appropriate compound with a base, for example an alkaK 



BNSDOCID: <WO 93091 2DA1_L> 



wo 9?/0912Q PCr/EP92/02560 

-7- 

metal hydroxide, such as sodium hydroxide. 

The reaction between the appropriate compound and the compound of 
formula (V) may be carried out in any suitable solvent, generally an 
5 aqueous solvent, conveniently water, at low to mediiun temperature, 

generally in the range of O^^C to + 40°C, suitable from 0**C to 5"" or from 5**C 
to ambient temperature. 



The conversion of any group which represents OR^ into a group 
10 which represents hydroxy may be carried out using the appropriate 
conventional procedure, for example by using conventional hydrolysis 
methods, for example treatment with an alkali metal hydroxide, such as 
sodium hydroxide. 

15 A compound of formula (IV) may be prepared by aminating a compound of 
formula (VJ): 



*^2^ir-[— CO — OR^ 
20 : 6 

V (VI) 

25 whereinlt^, R^ and n are as defined in relation to formvda (II) and R^ is a 
Ci.g alksrl group; and thereafter, if required, 

i) protecting and thereafter, as necessary, deprotecting any group; 

30 ii) converting any group R^ which represents OR^ into a group R^ 
which represents hydroxy, i 

The amination of compoimd (VI) may be effected using conventional 
amination conditions, for example by using concentrated aqueous 
35 ammonia at any temperature providing a convenient rate of formation of 
the required product, conveniently at ambient temperature. 

A compound of formula (VI) may be prepared by reacting a compound of 
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fonnula (VH): 



NH 




(VH) 



10 wherein and n are as defined in relation to formula (VI), with a 
compound of formula (Vlil): 

X-CH(R2)C0J16 (vnD 

15 wherein and R^ are as defined in relation of formula^ and X is a 
leaving group such as haKd^ and thereafter, if required carrying out one 
or more of the following optional steps: 

i) protecting and thereafter, as necessary, de-protecting any group; 

20 

ii) converting any group R^ which represents ORo into a group BP 
which represents hydroxy. 

Suitably the compound of formula (VII) is present in an activated form, for 
25 example a salted form such as a sodium salted form, provided by treating 
tiie compound of formula (VU) with a salting agent such as sodium 
hydride. 

The reaction betweraa a compound of formula (VH) and a compound of 
30 forroulaCVin) may be carried out using analogous conditions to those 

described in Berichte, 44, 1333 (1911). 

The compounds of formula (VID are known compounds or they may be 
prepared by analogous procedures to tiiose used to prepare known 
35 compounds, for example the compounds of formula (VH) wherein n is 2 are 
known, conunerdally available compounds. 

A compound of formula (H) may also be prepared by reacting a compound 
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ica^)^ nhr5 

NH 

O 



(DC) 



,0 .>»«-B^---.-r:trnetrrur/^"^*^^^ 

« p^ucun. and t^reafte. as necssa^. ae.p.otecUn. an. group- 



15 



J f f«««iilae(VIII)and(IX)maybe 

25 (1980). 

._«ve,.ac„.po..a»«o™.aCnO»..-P«Pa-^3.«ac«n.a 
compound of foimula (X): 



30 




35 0" 

,^^nUa,ao««ea..e.a«ou.ro™.aaW«.a.ea.en.capa«eo, 
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converting a carboxyl group into a group -NHR5 and tiiereafter, as 
required, cany out one or more of the foUowing optional steps: 

i) removing any protecting group, in particular any 
5 benzyicarbo^Q^te groiq>; 

ii) converting one group R5 into another group R5. 

A suitable reagent capable of converting a carboxyl group into a group - 
10 NHR5 is diphenylphosphorylazide in the presence of triethylamine and, 
as required, an appropriate alcohol. The reaction conditions for tiie 
reaction between the compound of formula QO and the reagent capable of 
converting a carboxyl group into a group -NHR5 vnR in general be the 
appropriate conventional conditLons for the particular reagent chosen; for 
15 example when the reagent is a CurtLus reagent such as 

diphen^phosphorylazide the reaction is suitably effected under tiie 
Curtius reaction conditions such as those disclosed in Synthesis, 294 
(1985). 

20 An alcohol is generally required when BP represents a group -COOR^; the 
particular alcohol required is that dictated by the value of R^ in the 
required compound of formula (DQ: thus the alcohol is an alcohol of 
formidaR^OH. 

25 Protecting groups may be removed using the appropriate conventional 
procedure, for example a benzjd caiboxylate group may be removed using 
conventional catalytic hydrogenolysis using hydrogen and a Pd/C catalyst. 

Suitable conversions of one group Bp into another group R5 include those 
30 mentioned herdnbefore. 

The compounds of formula (X) are known compounds or they may be 
prepared in accordance with procedures used to prepare known 
compounds, for example those disclosed in Synthesis. 294 (1985). la 
35 particular it is to be noted that the compounds of formula (X) whereinn is 
2 may be prepared by conventional ben^tion of the naturally occurring 
amino add pyro^utamic add. The R and S isomers of pyro^utamic add 
are readily available in resolved form. 
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f or.v of the CTOups mentioned herein and 
suitable protecting ^^^^^l^'^J^^^^^ L those used 
„.ethods for remov^ng ^^ft^'^^'^^ f .^.^ble axnino protecting group is 
conventionally in the art, for examp 
5 ti.e group CORlO as defined above. 

of a resolved form ((R) or (S)) isomer of a compound of 
Trirrr - Obtained b. the sequence of reacUons 

sunimarised below in Schemes 1 to 5: 



10 

Scheme (1) 

ai) -» 

15 Scbieme (2): 

(H)-* (III)-* 

Scheme (3): 

(yn)-^ (VI)-* uv;-^ 



Scheme (4) 

25 



(VII) (VI) (IV) -* 



(III) (I) 



Scheme (5): 

(X)-. (IX)^ (II) 



(II) (I) 



30 ^ the compounds of formulae (I). (II. (HI)' 

In the abovementioned sch^es the co^^^^ 
(IV). (VI). (^m). (DC) and pC) are as d^^^^^^^ 
conditions for each reaction are as defined n 

ft\ (9^ (S) (4) and (5) form a 
« u «f thP abovementioned Schemes (1). (2). 



In Schemes (l)and(3) 



a is particularly advar>tageous if th« cyclisation of 
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(II) to OD is effected using dicyclohe:Qrlcarbodiiinide. 

lo Schemes (2), (4) and (5) it is particularly advantageous if the 
cydisation of OD to (m) is effected using a carboxyUc anhydride. 

6 

In Scheme (4) it is particularly advantageous if variable m the 
compounds of formulae CVD and (IV) is -O-t-butyl. 

The foUowing Examples illustrate the present invention but do not limit 
10 in any way. 
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Example 1 

(R^)-5-Benzyloxycarbonylamino-2-pyrrolidinoiie 

5 A mixture of 5-ethoxy-2-pyrrolidinone (20 g) and benzyl carbamate 
(25.8 g) were stirred at 85°C imtil fusion. A catal3^ic amount of 4- 
toluenesiilfonic acid was added and stirring at 85°C was continued for six 
hours, while distilling off the ethanol formed. 

10 After cooling, the reaction nnixture was chromatographed over silica gel 
(dichloromethane - methanol 95:5) to yield 26.7 g of the title compound, as 
a white soUd melting at 90-92°C. 

iH-NMR (DMSO-dg delta: 8.10 (bs; IH; CONH); 7.90 (bd; J = 9Hz, IH, 
15 CHNHCO); 7.35 (s; 5H, Ph); 5.20 (c.a.; IH, CH); 5.05 (s; 2H, CE2^h); 2.50 
- 1.50 (c.a.; 4H, CH2CH2). 

MS (Ei;70 eV), m/z: 234 (M+.), 190 (M-CO2), 150 (M-C4H6NO), 143 (M- 
C7H7), 128 (M-C7H6O), 108 (C7H8O), 91 (C7H7), 84 (C4H6NO). 

20 

Example 2 

Ethyl (R^)-5-beiizyloxycarbonylamino-2-oxo-l-pyrrolidine- 
25 acetate 

To an ice cold solution of (R,S)-5-benzyloxycarbonylamino-2-pyrrolidinone 
(8 g) in acetonitrile (400 ml), sodium hydride (55-60% oil dispersion) (1.5 
g) was added portipnwise. Stirring was continued for 1 hour, then a 
30 solution of ethyl bromoacetate (6.3 g) in acetonitrile was added dropwise, 
keeping the internal temperature between 0 and 5*^0. 

After stirring for 4 hours at room temperature, the reaction mixture was 
heated at 50°C for 1 hour. The solvent was removed under vacuum and 
35 the residue was partitioned between ethyl acetate and water. The organic 
layer was washed with a saturated solution of sodiimci hydrogen carbonate 
and water, dried (Na2S04) and evaporated under vacuum to give 9 g of 
the title compound, as an oil, Rf = 0.33 (siUca gel plates, dichloromethane - 
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methanol 95:5). 

iH-NMR (CaaCla), delta: 7.35 Cs, 5H. Ph); 5.85 (bd. J = 8.5Hz, IH, NH); 
5.50 (ca.. IH. CH); 5.10 (s, 2H. 4.15 (q, J = 7.5Hz, 2H. iSH2CH3); 

5 4.10 and 3.95 (ABq, J = 14Hz, 2H, NRQRzCO); 2.75-1.75 (ca., 4H, 
CH2CH2); 1.22 (t, J = 7.5Hz, 3H, CH2eH3)- 

MS (EJ., 70 eV), m/z: 275 (M-C2H5O), 247 (M-C3H5O2), 228 (M-C7H7), 
185 (M-C8H7O2), 170 (M-C8H8NO2). 96 (C5H6NO), 91 (C7H7). 

10 

Examples 

(R^)-5-Beiizyloaycarbonylainino-2-oxo-l-pyrrolidiiieacetic acid 

15 

To an ice cold solution of ethyl (R,S>5-benz3do^cari>onyl- 
animo-2-oxo-l-pyiroKdineacetate (8.5 g) in methanol (64 ml), a solution of 
potassium hydroxide 85% (2 g) in methanol (43 ml), wsis added dropwise. 
The solution was stirred at room temperature for six hours, the solvent 
20 was removed imder vacuum, the residue was dissolved in water and 
ai^usted to pH 1 with 20% hydrochloric add. 

The precipitate was collected and dried to give 6.4 g of the title compound, 
as a white powd^" melting at 139-141°C. 

25 

iH-NMR (DMSO-dg), delta: 7.98 (bd, J = 9Hz. IH, NH); 7.35 (s, IH, 

5.28 (ca.. IH, CH); 5.06 (s, 2H, QHsP^)'* 4.06 and 3.56 (ABq, J « 
17Hz, 2H, NHQHqO); 2.50-1.80 (c.a., 4H, CH2CH2)- 

30 MS (EX, 70 eV), m/z: 201 (M-C7H7), 157 (M-C8H7O2), 151 (CsHgNO), 
141 (M-CsHgNO). 108 (C57H80), 96 (C5H6NO), 91 (C7H7). 

Example 4 

35 

Ethyl (R,S)-5-amino-2-oxo-l-pyrrolidineacetate 

A mixture of ethyl CR,S)-5-bfflM:ylox5rcarbonylamino-2-oxo- 
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, /2n 'r«n and 10% palladium on carbon 
^.p^uaineacute (3 ^^^^^''^^S^L^ 'o. one hour. The 
(0.3 g) was hydrogenated (20 C amb.en P ^ , 4 g „f 

eataly* was filtered off-^i *^ ^u,^ ^^ipj^tes. ethyl acetate- 

the title compound as an oil, Rf - "-^ 
6 acetone-methanol 6:3:1). 

1H.NMR (CDC.3). delta: ^f_<^-; ^»h°^^4cO);2.5;'^^^^^ 
CH2CH2V. 1.80 (s. 2H. NH2). 1.22 

15 Example 5 

. o ,«i«vrrolidineaceticacidbydrochloride 
(K^)-5-Axmno-2-oxo-l-pyrrouai 

20 aad«.6 g). "I "'1, hyIroge«.ted (20«C. ambient pressure) 

palladium on carbon (O.d g; wa j 
for 30 minutes. 



tor oU iiniiu.t»«?=- 

.TT ■KTxx^j.r'nOHy 5.00 (c.a-, IH, 

IVfS (EX. 70 eV), m/x: 141 (M Ntt3^. 
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Ezample 6 

(R^)-Dihydro-l-benzyloxycarboBiyl-lH-pyrrolo[l,2-a]- 
imidazole-2,5(3H,6H)-dione 

5 

A mixture of (R.S)-5.beii2yioxycaibonylainino-2-oxo-l-pyrroKdmeacetic 
add (6.1 g), acetic anhydride (61 ml) and anhydrous sodium acetate (1.7 g) 
was refluxed for one hour. The solvent was evaporated under vacuum, the 
residue was triturated with water (50 ml) and collected, to give 4.4 g of the 
10 tifle compound melting at IIO-IU'C. 

iH-NMR (CDCI3), delta: 7.40 (s. 5H, Ph); 5.60 (t; J = 6Hz, IH, CH); 5.33 
(s. 2H, m2PW; 4.35 and 3.66 (ABq, J = 17Hz, 2H, NCH2CO); 3.00-1.90 
(c.a.,4H,CH2CH2). 

15 

MS CEJ^ 70 eV), m/z: 274 (M+.), 167 (M-CyHeO). 139 (M-C8H7O2), 91 
(C7H7).84(C4H6N0). 

20 EbcampleT 

(B^)-Daiydro-m-pyrrolo[l^a]imidazoIe-2,5-(3H,6H)-dione 

A mixture of (R,S)-dihydro-l-carbobenzyloxy-lH-pyrrolo[l,2-a]imidazole- 
25 2,5(3H,6H)-dione (4 g), methanol (120 ml) and 10% palladium on carbon 
(0.4 g), was hydrogMiated (20''C, ambient pressure) for one hour. The 
catalyst was filtered off and the solvent was evapaorated under vacuum, 
to give the crude title compound as a solid, melting at 130-133*0. 
Ciystaffization from isopropyl alcohol gave 1.2 g of the pure title 
30 compound as a white powdra-, melting at 152-154**C. 



Eboanple 8 

35 (R3).Diliydro-lH-pyrrolo[l,2-a]imidazole-2,5(3H,6H)-dione 

To a mixture of (R,S)-5-amino-2-oxo-l-pyrrohdineacetic add hydrodiloride 
(0.2 g), acetonitrile (60 ml) and triethylamine (0.1 g), a solution of 
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'^^ ; r 8 ml) was added dropwise. 

The solution was stirreaior The solid residue was 

a« «.lvent evaporaUd ur.der vacuum^ "..^^^^^efeand 6:3:1) to 
chromatographed over .iUca g^(e*y^ ace^ 151.153»C. 
5 yield 80 mgofthetiUe compound as a 

Example 9 

T. a solution of ethyl '^■^"■'■^^'o^^^^AZurt-^'^^^i^ (0.3 
acetate (0.5 g) in anhydrous "^^^^ ^ours. Then more 

«as added and ^^^^^^J^J^^^^^^ and after 1.5 hours the mi^ure 
16 potassium tert-butox.de (0.3 B) ^.^^ separated aqueous layer 

^as neutralized ^th '■ydrocWo^c a«d^ ^^^^^ m 120 (4 B) 
passed through a — J™^" ,«phed over sUica gel (e.l.yl 

3nd evaporated. The --■^"^ r3.\f^ yield S mg of the title compound as 
acetate - acetone - methanom3.ino y. 

a white soUd. melting at 149-151 C. 
Example 10 

l-.ri2-alimida«.le-2,5(3H.6H)-dione 

i • «9 oio-l-pyrroUdineacetate(lg)in 

To a «au.ion of ethyl «-S>~f;; ^ b!^Hthi"m in n-hexane (3.4 
anhydrous tetrahydrofuran (20 fl; between -70 and -65oC. 

^) was added dropwise. ^^^J^^^^^ to rise to O'C and the 
After one hour the '--P-f hydrochloric acid. The mixture 

^acaohlSixture was "autraUzed «.*^N j ^hromatographed over 

was evaporated under -cuum ».d theres ^ ^ ^^^^ ^ ^ ^ 
dUca gel (ethyl acetate - acetone - meth 

compound- 



20 



25 



35 
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Ezample 11 

(R).l-Benzyloxycarbonyl-5-benzyloxycarboiiylainino-2- 
pjrrrolidinone 

^ A stirred suspension of N-benzyloxycarbonyl-D-pyroglutamic add (25 g) in 
freshly distilled dry toluene (125 ml) was flushed with nitrogen and 
treated witii diphenylphosphoryl azide (20.5 ml). The mixture was heated 
to sec, and keeping this temperature, a solution of triethylamine (13.1 

10 ml) in toluene (62.5 ml) was added dropwise during 3 h. To the clear 

solution, benzyl alcohol (10.7 ml) in toluene (62.5 ml) was added quickly 
and the mixture was allowed to reach room temperature. The aystalline 
product precipitated on standing. After filtration it was washed 
thoroughly with cold toluene and dried under vacuum, affording tiie title 

15 compound (18.61 g) as a white soUd. m.p. 149-152»C; [aipha]20D = +31.2 
(c=l, BMF). 

IH-NMR iCDCls), delta: 7.35 (s, lOH. Ph); 5.72 (c.a., 2H. CH-NH); 5.25 
(s. 2H, COOCH2); 5.07 (s. 2H, NHCOOCH2); 2.00-3.10 (ca.. 4H. 
20 CH2CH2). 

MS (E.L, 70 eV), m/z: 368 (M+.), 277 (M-C7H7), 260 (M-CyHsO), 217 (M- 
C8H9NO2), 127 (C15H15NO2), 107 (C7H7O). 91 (C7H7). 84 (C4H6NO). 

25 

Example 12 

(R).5-AimnD-2-pyrrolidiiione bydrochloride 

30 A solution of (R)-l-benzyloxycarbonyl-6-benzylox5rcarbonyI- 

amino-2.pyrroKdinone (18.61 g.) in metiianol/dioxane (4/1) (2.5 1) and 10% 
hydrochloric add (22.3 ml) was hydrogenated (20°C, ambient pressure) 
over 10% Pd/C (2.05 g). The reaction was allowed to proceed for 0.5 h, then 
the catalyst was removed by suction filtration through a CeHte pad. 

35 Evaporation of the filtrate afforded the tide compound (6.8 g) as a yeUow 
solid, [alpha]20D = +11.8° (c=0.17, H20/dioxane = 1/1). 

iH-NMR (DMSOde), delta: 8.70 (bs. 3H. NH3+); 8.33 (bs, IB, CONH); 
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4^8 (bs. IH. CH); 2.80-1.80 (c.a.. «.Wh2). 
MS (EX. 70 eV). m/x: 100 (M..). 84 (M-NH^). 

5 

Example 13 

(S).5.Benzylo^=arbouyla»lno.2.pyrroUdtoo.e 

in water (1.4 1), benzyl ^W"'"^ ^^^'^^^ 2-7»C for 1.5 h. Then. 0.5 
were added. The reactton ^ff^^™ Uintain the pH between 7 
N sodlnm hydroxide was ^^ded PO^^^w^s^ ^ temperature. After 

and 9 while the mixture was flowed « ^ ^^^g 

15 2.5 h. more benzyl chlorofoxmatt (12^ ^^^^^^ 
was continued for 2 hours at room um^ra^^^ ^^^^ 

extracted with ^'"'^'^'^Z^l^^'"^.^^- 

(Na2S04> and /,!7ff„^d 8 5 g of the tiUe compound as a 

J = 7Hz, IH, CHHBCO); 5.40 (c.a.. IH. CH). 5.1 

1.75(c.a..4H,CH2CH2). 

» , ,34 (M- ) 190 (M-C02). 143 (M.C7H7). 126 (M- 

^H^:08(^Ht:,.1uC,H';>.84(C.HeHO,. 

Example 14 

^t> , s-oxo-l-pyrrolidineacetate 

The procedure of exam^e2^a.r^^^^^^^^^ 

benzyloxy-carbonylarmno-2-p^oh ^^^^^^ aichloxometbane- 

35 compound (11.8 g) as an oil. Kt. u- 

* methanol 95:5). 

XH.>^CCOC.3>.ae.ta:7.35Cs,5H.Ph.5.85(bd.. = S.5HZ,lH.HHV. 
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5 50 (ca., IH, CH); 5.10 (2H. GS^Ph.); 5.15 (q, J = 7.5Hz. 2H.i2H2CH3); 
4.10 and 3.95 (ABq, J = 14Hz. 2H. NCH2CO); 2.75-1.75 (ca., 4H. 
CH2CH2); 1.22 (t, J = 7.5Hz, 3H. CH2(233)- 

5 MS (ELL, 70 eV), m/z: 320 (M+ ). 275 (M-C2H5O). 247 (M.C3H5O2). 185 
(M^8H702); 170 (M-C8H8NO2), 91 (C7H7). 



10 



Example 15 

(R)-5-Beiizyloxycarbonylamiiio-2-oxo-l-pyrroUdineaceticacid 



The procedure of example 3 was repeated starting from ethyl (R>5- 
benzyloxycari)onylamino-2-oxo-l-pyrroUdineacetate (11.5 g) to afford the 
15 tifle compound (7.44 g) as a solid foam. Rfi 0.59. aHca gel plates, butand - 
acetic add - water 4:1:1). 

IH-NMR (DMSO-d6), delta: 7.95 (bd, J = 9Hz, IH. NH); 7.35 (s, 5H. 
Eh); 5.28 (ca-, IH, CH); 5.06 (s. 2H, CH2l'W; 4.06 and 3.56 (ABq, J = 17 
20 Hz,'2H, N(3H2CO); 2.50-1.80 (ca., 4H, CH2CH2). 

MS (EJ^ 70 eV), m/z: 201 (M-C7H7), 151 (C8H9NO2). 142 (M- 
C9H10O2), 108 (C7H80). 91 (C7H7). 



25 

Example 16 

(S)-Dihydro-l-beiizyloaTcarbonyl-lH-pyrrolo[l,2-a3imidazole- 
2,5(3H,6H)-dio]ie 

30 

The procedure of example 6, was repeated starting from (R>-5-ben2ylo:igr- 
caibonyIammo-2Hpxo-l-pyiroKdineacetic add (7.33 g) to afford 4 g of tiie 
iifle compound as a brown soKd. m.p. = 123-127"; [alpha]20D =^.53.8^ 
(c=l,DMP). 

35 

IH-NMR (CDCI3), delta: 7.40 (s, 5H. Ph); 5.60 (t; J = 6Hz, IH. CS); 5.33 
(s. 2H. I3H2PW: 4.40 and 3.70 (ABq. J = 17Hz. 2H, NCH2CO); 3.00-1.90 
(ca:,4H.CH2CH2). 
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MSa.X..70eV,.«/.:-CM..>.xeS<M-C,HeO,.X33(M-CsH,O„.SX 
(C7H7).84(C4H6NO). 

5 

Example 17 

CR,.BU.ya^.XH.p^.oU^-a,i^a3«.le...5C3H.eH>.mone 

200«»;lalphal20D = -39.8 . <.c-u. 

, Q fia fV.<5- IH NH); 5.25 (t, J = 4Hz, IH, 
15 1H.NMR (^^S«-*Jf;^f r^ln' S; NCH2CO); 2.90-1.55 (c.a.; 4H. 
CH); 3.80 and 3.40 (ABq. J = ISH^- 

CH2CH2)- 

xr^ 140 CM+ ) lU (M-CHO). 97 (M-CHNO); 84 
MS CEX, 70 eV), m/z: 140 ^-^ 

20 (C3H4N20). 
Example 18 

♦ Fischer et al., Berichte 44, 1333 
A mixture of ethyl L-pyroglutamate ^ potas^um 

f™i3.1 tetrabutylan^-- J^^.^ , ^o... 
eaxl>onate(45g)inacetomt^ a^^^^ 
30 Benzyl 2-bromoacetate (25 ml) was add^^^^^ 

to 60'>C. Stirring was continued for 2^5^^ ^^^^ ^^^^^^^ 
■ temperature at eO-eS^C. After coobng the msolu 

off and washed with diethyl ether. 



35 



The combined filtrates «ere ^^^^^^f^*^ '^^HasCd^tti 10% 
„^d« was dissolved in et*^l -^^^'°°X^ 

•-^-^^ tl^a;r:a an<i evaporated, the oil, «sidue was 
water. The orgamc layer 
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chromatographed over sUica gel (eluting first with dichloromethane then 
with dichloromethane/methanol 8:2). The appropriate firactions were 
- coUected and evaporated to give 18.5 g of tide compound as a brown oil; 
b.p. 240-250-C at 0.6 mmHg (partial decomposition); [alpha]20D = -36.1°, 

5 (c=5; CH2C12)- 

IH-NMR (CDCI3), delta: 7.37 (s. 5H, Ph); 5.18 (s, 2H. ^2?^; 4.70 and 
3 84 (ABq. J = 17Hz. 2H. NCH2COO); 4.45 (c.a., IH. CH); 4.22 (q. J = 
6Hz, 2H. SS2CB3); 2.75-2.00 (c.a., 4H, CH2CH2); 1-28 (t, J = 6Hz. 3H. 

10 CH2CH3). 

MS (E.L, 70 eV), m/z: 305 (M+.), 232 (M-C3H5O2). 214 (M-C7H7). 170 
(M-C8H7O2), 156 (M-C9H9O2), 142 (CeHgNOs). 98 (CsHgNO). 96 
(C5H6NO),91(C7H7). 

15 



20 



Example .19 

(S)-5-Caxboethosy-2-oxo-l-pyrroIidineacetic a<ad 



Amirtoie of benzyl (S)-5-carbethoxy-2-oxo-l-pyrrolidine-acetate (6.5 g, 21 
mmol) and 10% Pd on charcoal (0.65 g) in ethyl acetate (65 ml)' was 
hydrogenated at room temperature and ambient pressure. After 6 hours 
the catalyst was filtered offand the solvent was evaporated under 
25 vacuum, affording 4.6 g of the title compound as a yeUowish oil. 
[alpha]20D -36.1% (c=5, CH2a2). 
Dicydohe:^lammonium salt: m-p.ll5*'C. 

iH-NMR (CDCI3), delta: 8.43 (bs, IH, COOH); 4.65 and 3.87 (ABq. J = 
30 18Hz. 2H, NCH2COO); 4.48 (&a., IH, CH); 4.25 (q. J = 6Hz, 2H. 

QS3PS3X 2.70-2.00 (ca., 4H. CH2CH2): 1-30 (t, J - 6Hz. 3H, CH2CH3). 

MS (EX. 70 eV). m/z: 215 (M+.). 197 (M-H2O), 169 (M-C2H6O). 156 (M- 
C2H3O2). 142 (M-C3H5O2), 96 (C5H6NO). 

35 
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Example 20 

<S)4!.CaA»noyl.2-ox„-l.pyrroUdiueacetic acid 

K ,h„.v 2.oxo-l-pyrrolidioeacetic add (22.1 g) to 
5 A solution of (S)-5-carbethoxy-2 <»» ^^^^ ^ 3, ^„ temperature 
concentrated anunonia soluUon (""^"^ aissolved in 

,0. 3 h. -^--^-:^''j:Z:Zr.iZJr^^ An^^ite mA 120 
. water (150 ml) and stirred w>tn c solution was 

(30 ml) for 2 hours. The resm was 61^-^ °" compound (17.5 g) 

10 evaporated under reduced »~-^Sd = -14.5=. (c=5. H2P). 
as a deleouesoent amorphous -M. '^"f^ 
Dicdohexylammonium salt; m.p. 187 190 ^. 

. ^ A u,,- 8 27(bs IH. COOH); 7.92 and 7.15 <bs. 2H. 
16 CONH2);4.20(c.a..lH,CH) *.10a 

NCH2CO); 2.40-1.70 (ca., 4H, CH2CH2). 

MS (EX- 70 eV). m/.: 185 (M-H)., 168 (M-H2O). 142 (M-CH2NO,. 126 
^^02).96(C5H6NO).84(C4H6NO). 

20 

Example 21 

,S).5.A«ano.2.oxo.X.pyr«.«dineacetie aeid Uyd«chloHde 

26 u „vl 2 oxo-l-pyrrolidineaceUc acid (14.7 g) and 

A Bolutton of <S>6-carbamoyl-2-oxo 1 py- 

tbU(trfflu<«,acetoxy)iodo]banz«.e (34^6^^^ 

acetonitrile (200 ml) was stirred at ™» ' p^sure. the aqueous 

4 hours. Acetonitrile '^^CT^^^X^d evaporated under 
30 tayer was washed with d.eAyle*er(2^ ^^ _^^^^^ 

reduced pressure. The residue ^'^^^ acetone to afford the 

^) and evaporated. The residue ""'""^ [alpha]20D - *2.5". 

S^e compound (7.5 B) as a white sohd. m.p > 250 



(c=l, water). 



35 r^ncifv.. AVi NH^+ COOH); 5.00 (ca., IH. 
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Example22 

(R).Dmydro-l-beiizyloxycarboiiyI-lH-pyrrolo[l^a]imidazole- 
2,5(3H,6H)-dioiie 

5 

A solution of (S)-5-carbamoyl-2-oxo-l-pyrroUdineacetic add (1 g, 5.4 
nunol) and [bis(tri£luoroacetoxy)iodo]ben2ene (2.72 g, 6.2 mmol) in 
acetonitxile/water 1:1 (26 ml) was stirred at room temperature for 2.5 
hours. Acetonitrile was added to obtain a dear solution and stirring was 

10 continued for 1.5 hours. The solution was evaporated, the residue was 
dissolved in water (20 ml) and washed with diethyl ether (2 x 15 ml). To 
the aqueous solution, sodium hydrogen carbonate (2.25 g) and benzyl 
chloroformate (1.9 ml) were added and the mixture was stirred at room 
temperature overnight. The solution was washed with dichloromethane (2 

15 X 25 ml), acidified, and extracted with dichloromethane (2 x 25ml). Drying 
(Na2S04) and evaporation of the organic solution afforded crude (S>5- 
benzyioxycarbonylamino-2-oxo-l-pyrrolidineacetic add (0.4 g). This 
compound was dissolved in acetic anhydride (5 ml) containing sodium 
acetate (150 mg) and the mixture refluxed for 1 hour. After evaporation 

20 the residue was triturated with water to yield 0.14 g of the title compound 
as a brown soKd, m.p. 118-128»C [alphaJD = -52.2» (c=l, DMF). 



Example 23 

25 

(S)-Dihydro-lH-pyrrolo[l^-a]imidazole-2,5(3H,6H)-dione 

A mixture of (S)-6-amino-2-oxo-l-pyrroHdineacetic add hydrodiloiide 
(7 g), trielhylamine (5.05 ml) and dicydohexyicarbodiimide (7.4 g) in 

30 acetonitrile (1 1) was stirred under nhxogen for 24 hours. The mixture was 
evaporated hiufer reduced pressure, the residue was dissolved in water 
(50 ml), and the insoluble material filtered ofL The aqueous filtrate was 
treated with cation exchanger AmberUte ERA 120 (40 ml) and anion 
exchanger Amberlite IR 68 (40 ml) under stirring for 1.5 hours . The resin 

35 was filtered off, the aqueous solution was evaporated under reduced 
pressure and the residue was triturated from isopropanol and 
recrystalhzed from isopropanol. to yield 1.5 g of the tide compound as a 
white crystallme soUd m.p 197-202°C [alpha]20D = 441.6', (c=0.38. 
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MeOH). 



■Example 24 

The procedure of example ' ^^^^^^^.^^'^^^^ 

10 to afford the title ^^^^^''^f'^^^^ 
[alpha320D = -^42.8». (c=0.26. MeOH). 



15 



20 



25 



Example 25 

, X <,*on22ffnn 1.751 of acetonitrile 

was cooled to 0 -5 C ana oo o . ^ and t-tutyl 

porti«>«lBe. Stirring was — ^^^f %^ bath was removed 
bron«.acstate (176.5g) «^%^f^^*°^X evaporation of the solvent, the 
^ stirring continued f^^^^,*^"" ^J^^c phase was washed with 
^due was dissolved in fvaporated to dryness, to give 

a saturated oiirialphal^Oo = ^2.3" (c = 

the title compound (18Z1B' °^ 



5. CH2C12)- 



q 60 (ABq J = 17.5Hz. 2H. NCH2O); 

"^Z^^^^' """" 

(C4H9O). 
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Ezample 26 

(S)-t-Butyl-5-carbomethoxy-2-oxo-l-pyrrolidineacetate 

5 The tiile compound was prepared using the same procedure described in 
ExBxaple 25 starting from (5-S)-methyl pyro^utamate; [alpha]20D =-38.9 
(c=5, CH2Ca2). 

iH-NMR (CDCI3), deltaff 4.53 - 3.50 (ABq, J = 17.5Hz. 2H. NCH2O); 
10 4.45 (m. IH. NCHCO); 2.6 - 2.0 (m, 4H, CH2CH2); 1.45 (s, 9H, t-buiyl) 

MS (E.L, 70 eV, 1.5 mA): m/z 201 (M - C4H8), 156 (M - C6H9O2), 184 
(C4H9O). 

15 

Example 27 

CR).t-Bu1yl-5-carbamoyl-2-oxo-l-pyrroIidineacetate 

20 A mixture of (5-R)-t-butyl-5-carbomethoxy-2-oxo-l- pyrroUdinacetate 
(182.1g) and 32% ammonium hydrosdde (900 ml) was stirred at room 
tei^x^tare for 1.5 hours. 

The excess of ammonia was removed under vacuum, the solution 
25 neutraKsed with 37% hydrochloric add. and extracted with etiiyl acetate. 
The organic phase was dried over sodium sulphate and evaporated to 
dryness to give the title compound 104.7 g (61.1%) as a v<^hite powder, m.p. 
132-135»C; [alpha]20D = + 32.4« (c = 5, CH2C12)- 

30 iH^NMR (PMSO - db), deltan: 7.55 - 7.12 (bs, 2H, C.ONH2); 4.25 - 3.40 
(ABq, J = 17.5Hz. 2H. NCH2(X)); 4.15 (m. IH, NHCO); 2.40 - 1.75 (m. 4H, 
CH2C^2)J 1-45 (s. 9H. t-butgd). 

NS(E.U 70 eV, 1.5 mA): m/z = 198 (M - CNH2O), 185 (M - C4H9), 142 
35 (M - CNH2O - C4H8). 
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Ebcample 28 



<SVt-B«t„.6^b.n.ov..^oxo.X.pyrroUdine3cet3U, 

A o;«<T the same procedure described m 

ExaiapU 27 starung f^!^,'^':" Jphal20D= - 31.3° (c = 5. CH2CI2). 
pyrroUdinacetaU; m.p. 128-L4» k.. l 

nc^n 7 17 (bs 2H, CONH2); 4-25 - 3.40 

2H:NCH^^^^^^^ ^H. NHCO); 2.0 - X.75 Cm. 4H. 

CH2CH2);1.45(s.9H.t>butyl). 

V 1 5 mA)- m/z = 198 (M - CNH2O). 185 (M - C4H9). 1-42 
MS (E.I-, 70 eV, 1.5 mA>. m/x 
(M - CNH2O - C9H8). 

^V6.A»,.o.2.«o-X-P^Udlneacetic acid. ..ydrocMoHde 

20 v-1 f o f*;70 ml) was added dropwise to a 

A solution of 6.7^ -"""it^^l ^-'-^ »■ ^^^"^^^ 
solution of-^-- r^tllutiou. (5.K>-^butyl-6-carban.oy^^ 
the temperature at 0 - 5 ^^^^ portionwise maintaining the 

„^o-l-pyrroUdinacetat« "^/^^'.^^f^.tes at 55-60=C. After cooling to 0- 

25 same <-«»-r\r* *tad r> ="^0^* ''^^^ ""'"r , 

'2 ^^^^'"^ triturated «i.h methanol. 

^, „ rive the tiUe compound (69.8 g. 83*) as a 

NCHCO); 4.15 (s. 2H, NCH2CO). ^. 
. 3. MSC..X..,OeV.l..n^:— 
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Eicample 30 

(S)-5-Ainino-2-oxo-l-pyrroUdijieacetic acid, hydrochloride 

5 The title compound was prepared using the same procedure described i 
Example 29. starting from (5-S)-t.butyl-5-carbamoyl-2.oa)-l- 
pyrrolidinacetate. 



10 Example 31 

(S)-Dihydro.l-acetyHH-pyrrolo[l,2a]imidazole.2,5(3H,6H)-dioiie 

A mixture of (5-R)-5-amino-2-oxo-l-pyrroUdinacetic add hydrochloride 
15 (69.8g), anhydrous sodium acetate (29.4 g) and acetic anhydride (700 ml), 
was refluxed for 1.5 homrs. The brown mixture was allowed to cool to 
room tempmitttre and then evaporated to dryness. 

The residue was treated under stirring with ethyl acetate and a saturated 
20 soliition of amnioniuni sulphate. 

The brganic layer was dried over sodivun sulphate and evaporated under 
vacuum to give the title compound (54g, 82.5%) as an oil; m.p. 82-83°C; 
[alpha]20D = + X69" (c = 0.1, MeOH) 

25 

IH-NMR (CDCI3), deltan: = 5-65 (m, IH, N(3HN); 4.45 - 3.76 (ABq, J = 
17.5Hz, 2H, NC3H2CO); 3.1 - 2.0 (m, 4H, CB2CH.2>; 2.50 (5, 3H, COCH3). 

MS (EX, 70 eV, 1.5 mA): m/z = 154 (H - CO), 139 (H - C2H3O). 

30 

EadB]iiple32 

(3El).l>ihydro-l-acetyl-lH-pyrrolo[l,2a]imidazole-2,5(3H,eH)-dione 

The title compoimd was prepared using the same procedure described m 
Example 31. starting from (5-S)-5-amino-2-oxo-l-pyrroKdinaceticadd 
hydrochloride; m.p, 81-820C. [alpha]20D = - 153.9' (c = 0.1. MeOH). 
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^ (m IH NCHN); 4.615 - 3.75 (ABq. J = 

Example 33 
10 (R)-Dihydro.lH-pyrrololl,2alxmx 

* 1 nvrrolori,2a] inudazole-2,5-(3H. 
A^ofa.-S>^^y^o..^-^lf^^^i;,,,, was stirred at 
6H)-aone (54 g), AmberWe m » « ^^^^^ ^ Buckner 

roon. ten^^-ture ^0^^"-^ ^^J^^^a under va..un.. the residue 

wlute crystalline solid, m.p. 197 



20 MeOH). 



1 w 5 23 (t J = 5Hz> IH, 

CH2CH); 3.8 - 3.45 (ABq, J = 17 Hz. 2H. 

CH2CH2). 

MS (EX, 70 eV, 1.5 mA). m/z 
Slxample 34 

30 . ,„ri 2alimidazole-2,5(SH,6H)-dione 

(S)-Diliydro-1H-Pyrrolotl,2ajimio 

J •r.atlie same procedure described in 

^ tttte compound P-"»'>t---^^r^^^ 
B^ple 33 rtartmg jf^^*^ [alphal^OD = * 39.9- (c - 1. MeOH) 
36 2^-(3H.6H>dione: m.p. 197-19« ^- y 

„ at (hs IH NH); S.23 (t, J = 5Hz, IH, 

. . IH-NMR (DMSOd6> f » 8^ ^^HzCO); 2.90 - 1.60 (ra. 4H. 
CH2CH)-. 3.8 - 3.45 (ABq. J = 17Hz. 2H. N 
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CH2CH2)- 

MS (EX, 70 eV, 1^ mA): mix. = 140 (M+), 97 (M - CONH). 
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Claims 

A p^cess for U>e preparation of compounds of fo^ula (D: 



5 



^ N 




r2 (I) 



10 



wherein r-WTtScONHR^ or CHR3C00R4 in 

Rl represent, hydrogen. C1.4 ^^^^^j ^^^^ hydrogen or Ci^ alkyl; 
which R3 and each -^^P^^^^^^^^^ ,3 an integer 2. 3 or 4; 
r2 represents hydrogen or C1.5 alkyi> an 

1^ cvclising a compound of formula (II): 

which process comprises cyciismg <» 



20 



-N^ ^CO-R 




R2 

(II) 



J ;n T-plation to formula (I); 

25 wherein and n are as d^fi-^ ^^^^^^,7 ^^erein r7 is a Ci^ alkyl 
r5 represents hydrogen or a^ ^ ^ hydroxy group or a group 

g„up or a ben^l group: and K rep thereafter, 

°t:::^.i^rorore^^™»-"-~=''''^= 

^ O removing any protecting group; and 

« converting a compound of formula CX) into another compound of 
formula (D- 

^ .processaccordingtoc.aimX.whereinthecyc,isationisefrectedhy 
a cyclising reagent. 



BNSDOCICrOWO ^9309120A1. 



PCT/EP92/02560 

WO 93/09120 

-32- 

3. A process according to claim 1 or claim 2, wherein the cycUsing 
xeagent is a carbo^grlic anhydride. 

4. A process according to claim 3. wherein the Qrdisation of the 
5 compound of formula (ID provides a compound of formula OH): 



10 




(in) 



wherein r2 and n are as defined in relation to formula (D and E^O is a 
15 Ci^ alkyl group or a group OR^ wherein is as defined in relation to 
formula (ID; and wherem the compound of formula dlD is converted into 
a compound of formula (D. wher«n R1 is H, by hydrogenolysis or 
hydrolysis, the resulting compound of formula (D subsequently being 
converted into other compounds of formula (D as desired. 

20 

6. A process according to claim 1. wherein R6 is OH and the 
<ydisaiion'^a compound of fonnula (ID is effected under dehydration 
cydisation conditions in the presence of a dehydration qrcUsation reagent. 

25 6. A process according to daim 5. wherein the dehydration cydisation 
reagents include dicydohexylcarbodiimide or carboxyUc anhydrides such 
as acetic anhydride. 

7. A process according to daim 1, wherein Re is a group ORs and the 
30 cydisation is eflEected by use of a strong base such as n-butyl Uthium or 

potas^um t-butoxide. 

8. A process according to daim 1. for the preparation of a resolved 
form ((R) or (S)) isomer of a compound of formula a) which process 

35 comprises the sequence of reactions summarised below in Schemes 1 to 5: 
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5 



Scheme (1): 

(II) (I) 
Scheme (2): 

ai)-»(in)-^ w 

10 Scheme (3): 

(VII) cvi) 

Scheme (4): 

(VXD-* CVI)-. CIV) 



(IV) 



(II) (in) 



20 



Scheme (5): 

■ mi (iro (IV). cvi). (vn), (EO 

and (X) are as defined above and the rea 
are as defined hereinbefore. 

V o= (2^ (4) and (5) of claim 8. wherem 

30 the cydisation of (ID to (llii is 

to scheme (4) of claim 8. wherein variable R xn 
11. A process accordxng to schem ^ 
the compounds of formulae (VI) and (W) 

^ ■ 1 for the preparation of a compound 
35 12. A process according to cla^ml. for the p 

- selected from the list consisting of: 

Cl.S).ihydro-XH-p..oloU.2^^^^^^^ 
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(R)-dihydro-lH-pyrrolo[l,2-aJinudazole-2,5(3H,6H)-dione;aiid 
(S>dihydro-m-pyrrolo[l^-a]imidazole-2,5(3H,6H)-dioiie. 

5 
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